I[NTRODUCTION]{.smallcaps} {#sec1-1}
==========================

Brachial plexus birth palsy (BPBP) is an uncommon condition. Imaging is performed to confirm the diagnosis and to make treatment decisions. Ample consideration is given to the status of the plexus, while often the importance of glenohumeral dysplasia is undermined. This case is presented to highlight the importance of reporting glenohumeral dysplasia. In a child with BPBP, awaiting neurological recovery, the functional recovery depends on the secondary musculoskeletal abnormalities. Positive results of physiotherapy and rehabilitation are directly related to early detection of musculoskeletal abnormalities, especially glenohumeral dysplasia (GHD).

C[ASE]{.smallcaps} R[EPORT]{.smallcaps} {#sec1-2}
=======================================

A 10-week infant presented with an inability to move the left upper limb since birth. The infant was born at 38 weeks of gestation by vaginal delivery with birth weight of 3.8 kg. The perinatal and antenatal history was uneventful. The radiographic examination did not reveal any fractures or bony deformities. On physical examination, the left upper limb was abducted, internally rotated at the shoulder, and extended at the elbow joint. No handgrip was noted. The deep tendon reflexes were absent. The contralateral limb was normal on examination. BPBP was considered.

Magnetic resonance imaging (MRI) examination of the brachial plexus was done under general anesthesia using 3T MRI. The thecal sac was unremarkable without pseudomeningocele, and abnormal periscalene soft-tissue signal was noted on the left side with thickening and the increased signal from the left C5--C7 cervical nerves. Diffuse swelling and increased signals were seen in the left shoulder girdle muscles with evidence of posterior subluxation of the left humeral head \[Figures [1a](#F1){ref-type="fig"}--[f](#F1){ref-type="fig"} and [2a](#F2){ref-type="fig"}--[f](#F2){ref-type="fig"}\].

![A case of left brachial plexus birth palsy. Images (a-f) show MRI of brachial plexus in a three-month-old infant. (a, b) Axial T2W CISS sequence and Coronal T2W image shows thecal sac without pseudomeningocele. (c) Axial STIR image shows thickening and increased signals from C5 cervical nerve (arrow) on the left side. (d) Coronal STIR image shows increased signals from the C5, C6 and C7 cervical nerves (arrow) on the left side. (e) Axial T2W image shows swelling of left scalene muscles with an abnormal T2 bright (arrow) periscalene signal. (f) Axial T1W images show isointense signal giving a mass like appearance (arrow).](JCIS-8-38-g002){#F1}

The MRI findings were consistent with postganglionic left brachial plexus injury, involving C5--C7 nerve roots with acute postdenervation pattern in shoulder girdle muscles and posterior subluxation of the humeral head. The patient was on physiotherapy and underwent surgical repair of the plexus at 6 months. Six-month postsurgical follow-up shows regaining of movements at fingers, wrist, elbow, and shoulder although limited. The infant is currently on physiotherapy and occupational therapy.

D[ISCUSSION]{.smallcaps} {#sec1-3}
========================

Brachial plexus is formed by a network of nerves derived from the ventral rami of C5--T1 spinal nerves \[[Figure 3](#F3){ref-type="fig"}\].

![A case of left brachial plexus birth palsy. Image (a-f) shows MRI of brachial plexus in a three-month-old infant with a postganglionic injury and musculoskeletal abnormalities. (a) Coronal STIR image shows generalized thickening of left brachial plexus (arrow) beyond lateral border of the first rib. (b, c & d) Coronal and Axial STIR images showing diffuse swelling and increased signals involving the shoulder girdle muscles (arrows). (e) Axial STIR image shows posterior subluxation of the humeral head (arrow). (f) Sagittal T2W image shows no abnormal signal intensity lesions in the cervicothoracic spinal cord (arrows).](JCIS-8-38-g003){#F2}

![Schematic diagram of brachial plexus.](JCIS-8-38-g004){#F3}

The brachial plexus supplies sensory and motor innervation to the ipsilateral chest, shoulder, arm, and hand. BPBP has a reported incidence of 3 per 1000 livebirths. It has significant morbidity concerning nerve and muscle dysfunction, weakness, and disability.\[[@ref1]\]

From an imaging perspective, BPBP can be classified into two patterns: pre- and post-ganglionic injuries as it has implications for management and prognosis.\[[@ref2]\] Preganglionic injury indicates avulsion of nerve roots from the spinal cord \[[Figure 4](#F4){ref-type="fig"}\]. In a postganglionic pattern, the injury to the nerve occurs distal to the dorsal root ganglion \[[Figure 5](#F5){ref-type="fig"}\].

![Schematic diagram of preganglionic avulsion of the rootlets from the spinal cord.](JCIS-8-38-g005){#F4}

![Schematic diagram of postganglionic rupture of the nerve beyond the dorsal root ganglion.](JCIS-8-38-g006){#F5}

Postganglionic lesions are of three types.\[[@ref3]\] In neuropraxia, there is stretching of an intact nerve, whereas in axonotmesis, there is rupture of some of the axons with nerve intact. In neurotmesis, the entire nerve is severed. Both the extent (number of nerve roots) and the severity (avulsion, rupture, and stretch) of the injury influence the prognosis. Fractures of clavicle, humerus, cervical spine and shoulder joint subluxation, facial nerve palsy, and spinal cord injury have been reported in BPBP.\[[@ref4]\]

MRI is the investigation of choice as it can image spinal cord, brachial plexus, and both shoulder joints in a single sitting. MRI defines the extent and severity and shows the associated injuries.\[[@ref2]\] MRI protocol should include imaging of both shoulders along with cervical spine and brachial plexus. Heavily T2-weighted, three-dimensional, constructive interference in steady-state sequence should be used to assess the thecal sac, rootlets, and the exiting nerve roots.\[[@ref5]\]

Neuropraxia, which is the commonest of BPBP, manifests as thickening, T2-signal prolongation and diffuse contrast enhancement of the plexus on MRI. It resolves without treatment.\[[@ref2][@ref5]\]

Pseudomeningocele is a contained cerebrospinal fluid (CSF) leak surrounding the avulsed nerve root extending along the dural sleeve. It is an imaging finding that appears as a CSF intensity, fluid-filled structure adjacent to the injured nerve root extending along its course.\[[@ref1]\] Despite the surgical finding of avulsion of the C7 nerve root, a pseudomeningocele was not seen in our case. In children \<18 months, MRI finding of pseudomeningocele has a low sensitivity and high specificity for nerve root avulsion.\[[@ref6]\] In this age group, there is a limitation in evaluating the exiting nerve roots on MRI due to their smaller size and poor spatial resolution.\[[@ref6]\]

Periscalene soft-tissue sign has been described in cases of Erb\'s palsy,\[[@ref7]\] which denotes the imaging manifestation of posttraumatic reparative neuroma of the brachial plexus. Periscalene soft-tissue sign manifests as a signal abnormality around the scalene muscle when compared to the normal side. The reported sensitivity and specificity of this sign is 97% and 100%, respectively.\[[@ref7]\] Periscalene soft-tissue sign was observed in our case \[Figure [1e](#F1){ref-type="fig"} and [f](#F1){ref-type="fig"}\]. In spite of high sensitivity and specificity, periscalene soft-tissue signs fail to determine the level of the injury.\[[@ref6][@ref7]\] We had a similar experience, as the reparative neuroma could be identified on MRI and surgery, but could not precisely localize the level within the plexus.

Our patient showed additional musculoskeletal findings that are interesting and equally significant. Fluid-sensitive sequences showed swelling and increased signal in the left deltoid and rotator cuff muscles \[[Figure 2b](#F2){ref-type="fig"}--[d](#F2){ref-type="fig"}\]. On T1- and T2-weighted images, edema and swelling were seen in muscles. These findings suggested an acute pattern of postdenervation change in muscles. Postdenervation changes can be timed on an MRI in skeletal muscles. Acute changes manifest within a month and overlap into a subacute phase that is seen up to 12--20 months.\[[@ref8]\] Acute phase manifests as abnormal muscle enhancement, T2 hyperintense signals, and an increase in muscle volume without fatty infiltration. Detection of fatty changes indicates subacute phase.\[[@ref8]\] In our case, MRI was done at the early 3^rd^ month of the postnatal life, with corresponding changes of acute denervation \[[Figure 2c](#F2){ref-type="fig"}\].

BPBP patients are prone to GHD. GHD represents a spectrum of findings comprising of glenoid and humeral head articular incompatibilities, deformity of glenoid, and subluxation or dislocation of the glenohumeral joint.\[[@ref9]\] GHD can manifest as early as 3 months.\[[@ref1]\] The injury to brachial plexus leads to nerve dysfunction, which in turn predisposes to an imbalance of muscle power. The internal rotators of the shoulder joint are unopposed by the weak external rotators; this combined with the child\'s growth spurt causes contractures, deformity of joint, posterior subluxation, and dislocation of humeral head.\[[@ref1]\]

GHD is manifested on imaging by an abnormal glenoid version with poor head coverage, resulting in abnormal translation of humeral head or posterior subluxation.\[[@ref1]\] These findings should be identified as early as possible. Classification of the severity of glenohumeral deformity is essential in the treatment planning and follow-up.\[[@ref1]\] MRI examination allows quantitative assessment of GHD simultaneously while imaging the brachial plexus.

Several morphometric features of GHD have been described.\[[@ref1]\] The most common, accurate, and reproducible measurements are Glenoid Version described by Chagas-Neto et al.,\[[@ref10]\] and the measurement of the degree of posterior subluxation of humeral head by Chagas-Neto et al.\[[@ref10]\]

The Glenoid Version can be calculated as described in [Figure 6](#F6){ref-type="fig"}.

![A case of brachial plexus birth palsy. MRI in a three-month-old infant at the level of left shoulder joint with drawings to assess GHD. Axial image shows scapular line (yellow) drawn on the body of scapula bisecting the midpoint of the glenoid surface (red line). The alpha angle is subtracted from 90° to get an angle of glenoid version. Humeral head coverage is measured by extending scapular line through the humeral head and a bisecting line drawn at midpoint of the humeral head (green line). The humeral head anterior to scapular line is the percentage of humeral head coverage calculated by the formula: AB/AC X 100%.](JCIS-8-38-g007){#F6}

A negative angle is a retroversion and a positive angle is an anteversion.\[[@ref10]\] The normal Glenoid version in children \<2 years is − 6.3 (±6.5 SD) degrees and − 2.1 (±5.9 SD) degrees in children \>2 years.\[[@ref11]\] Humeral head coverage can be measured by extending the scapular line as shown in [Figure 6](#F6){ref-type="fig"}. Normal humeral head coverage is between 40% and 55%. Posterior subluxation of the humeral head is defined when the measurement is between 0% and 35%. Dislocation is considered when the entire humeral head is posterior to the scapular line.\[[@ref10]\] Once the measurements are made, GHD can be graded based on Waters criteria\[[@ref1][@ref12]\] as mentioned in [Table 1](#T1){ref-type="table"}. Retrospectively, both these measurements were abnormal in our case, thus classifying the left shoulder joint having moderate GHD.

###### 

Classification of glenohumeral dysplasia

![](JCIS-8-38-g008)

Physiotherapy and surgery are the available treatment options for BPBP.\[[@ref13]\] Physiotherapy forms the mainstay during the anticipation period of spontaneous recovery. Physiotherapy should be started as early as possible to improve the functional outcomes and to maintain the flexibility of soft tissues and joints and avoid future contractures.\[[@ref13]\] Contractures begin as early as 2--3 weeks in postnatal life, especially at the glenohumeral joint;\[[@ref14]\] hence, detection of GHD should take precedence. Surgery is indicated at 3--9 months in the absence of functional recovery.\[[@ref13]\]

Through this case report, we emphasize the concurrent assessment of GHD and brachial plexus on a single MRI examination as it adds incremental value in case management. Implementing an MRI protocol for brachial plexus should include both shoulder joints, enabling radiologists to assess GHD on routine diagnostic workstations.
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